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In previous communications  ~,~ it has been shown that guinea pigs 
and rabbits  when injected  intravenously  with  blood  secured  from 
cases  of human measles  at the height of the exanthem react  speci- 
fically.  This reaction consists in pyrexial changes,  leucopenia,  and 
in  the  great  majority  of  animals  enanthemata  and exanthemata 
fairly characteristic of the  human disease.  In this study we desire 
to record the reaction produced in these  animals as  a result of the 
introduction into their circulatory and respiratory systems of filtered 
nasopharyngeal washings from cases of human measles. 
LITERATURE. 
That the nasopharyngeal secretions of patients suffering from measles contain the 
specific virus is at present unquestioned.  Goldberger and Anderson  8 by means of 
faltered and unfiltered  buccal and pharyngeal secretions from eases of human measles 
injected into the respiratory tract of monkeys produced a symptom-complex which 
1Duval, C. W., and D'Aunoy, R., Studies upon experimental  measles.  I. The 
effects of the virus of measles upon the guinea pig, J. Exp. Med., 1922, xxxv, 257. 
Dural, C. W., and D'Aunoy, R., Studies upon experimental measles.  II.  The 
enanthematous,  exanthematous,  pyrexial,  and leucocytic syndrome produced in the 
rabbit  by intravenous inoculation of blood from cases of human measles, J. Exp. 
Med.  1922, xxxvi, 231. 
s Goldberger, ~., and Anderson, 7. F., The nature of the virus of measles, ]. Am. 
Med. Assn., 1911,  lvii, 971. 
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they interpreted as mild  manifestations  of the disease.  Blake  and Trask  4 working 
with unfiltered  nasopharyngeal  secretions introduced intratracheally into Macacus 
rhesus confirmed and extended these early observations  Grund  5 by intratracheal 
injections of filtered and unfiltered nasopharyngeal secretions, obtained from the 
human case during the preemptive and early eruptive stages of the disease, suc- 
ceeded in producing a series of reactions in rabbits which were considered sugges- 
tive in a great proportion of the  experiments as manifestations of the human 
disease. 
EXPE~M~ENTAL. 
The  nasopharyngeal secretions  used  for  these  experiments were 
secured from cases of the human disease at the height of the cutaneous 
reaction.  In obtaining the secretions sterile applicators tipped with 
cotton were introduced through West tubes into the nares and around 
the tonsillar surfaces.  The soiled applicators were then washed in 
small portions of 0.85  per cent sterile sodium chloride solution pre- 
viously kept  at  a  temperature  of 37°C.  In a  large number of in- 
stances as many as twenty infected applicators were obtained from a 
single individual, but the amount of saline solution used in washing 
those from one case was never more than 10 cc.  In several cases the 
bacterial flora  of  the  washings  was  studied.  Streptococcus  h~emo- 
lyticus  and  non-hcemolyticus,  Streptococcus  viridans,  Bacillus  coli 
communis,  Bacillus  infiuenze~,  and  Staphylococcus  aureus  were  the 
only  microorganisms  cultivable  by  ordinary  methods  that  were 
encountered.  Filtration  of  washings  was made  through  Berkfeld 
N  filters, the filtrate in all instances showing no ordinary bacteria. 
From the time of securing washings to the time of animal inoculations 
not more than 1 hour elapsed, and  during  this  time  the  washings 
were maintained at a temperature of between 37.5 ° and 39°C.  Intra- 
tracheal injections were always made under ether anesthesia.  The 
trachea of the experimental animal was exposed, it was then steadied, 
and the material was slowly injected into the upper and lower part 
of  the  respiratory  tract  through  a  needle  inserted  between the 
cartilaginous rings.  As much as 10 cc. of fluid could thus be injected 
*Blake, F. G., and Trask, J. D., Jr.,  Studies on measles.  I. Susceptibility  of 
monkeys  to the virus of measles, J. Exp. Med., 1921, xxxiii, 385. 
5  Grand, M., Susceptibility  of rabbits to the virus of measles.  Inoculations  with 
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in a  full grown rabbit with no subsequent  discomfort to the animal. 
A  single  catgut  suture  was  used  to  approximate  the  margin  of  the 
skin incision.  In rabbits the material was injected into the marginal 
ear vein  and  in guinea pigs  it  was administered  by cardiopuncture. 
Experiment 1.--A number of rabbits  (Table I) were  injected  directly  into the 
trachea with 10 cc. of pooled filtered nasopharyngeal washings.  At the same time 
a series of control animals'was similarly injected with filtered washings secured from 
normal nasopharynges and from patients suffering with lobular pneumonia.  Rectal 
temperature  determinations,  leucocytic counts, and observation for enanthemata 
and exanthemata were performed at stated intervals thereafter.  All of the animals 
of the series receiving filtrates obtained from measles cases reacted similarly in as far 
as pyrexia and leucocytic depression were concerned.  After an incubation period 
varying from 3 to 7 days there occurred an elevation of temperature amounting to 
as much as 3 ° in a number of cases. 6  Coincident with the beginning of temperature 
rise, or shortly thereafter, enanthemata were noted in approximately 90 per cent of 
the animals.  These  appeared  on the  buceal and  hard palate mucos~ as minute 
anemic areas surrounded by a pinkish to reddish zone.  Exanthemata occurred in 60 
per cent of the animals, appearing about the time of temperature height (5 to 9 days). 
The rash usually appeared  first about  the face, varying from a  diffuse  macular 
reaction  to well  marked papules.  At the height of the cutaneous reaction well 
defined papules could be observed over the neck between the front quarters, and 
upon the abdominal wall of the animal.  Invariably after the disappearance of the 
rash,  branny or scaly desquamation took place.  All the animals manifesting an 
exanthem appeared sick, and of these a number subsequently died (Table I).  Con- 
junctival injection was always a prominent sign.  In most of the animals no well 
marked leucopenia was noted, though a relative fall in the leucocytes always occurred, 
but this within wide limits.  The control animals inoculated with filtered washings 
from other individuals failed to react in any manner.  Text-fig. 1 expresses graphically 
the findings in a typical reacting animal of the series. 
Experiment 2.--The susceptibility of the rabbit to the intracirculatory introduction 
of filtered nasopharyngeal washings was here tested.  5 cc. of filtrate obtained as 
above outlined were injected into the circulation of a number of full grown rabbits 
(Table I).  These were observed over a period of 4 weeks, leucocytic and temperature 
curves being drawn for all animals.  Of the series  injected,  80 per cent showed 
unmistakable evidences of a reaction, which reaction we interpret as ascribable to 
the effects of the transmitted virus of measles.  Again, in these series well marked 
leucopenia was not noted for all animals, but enanthem, exanthem, and temperature 
reactions were regularly encountered. 
6 As in the previous study we consider  only temperatures of 102°F. or over as 
pyrexia. 242  EXPERIMENTAL  MEASLES.  III 
Experiznent 3.--Intratracheal injections of 2 cc. portions of filtered washings were 
made in a number of guinea pigs (Table I).  Of the animals thus injected, 75 per cent 
reacted in a  manner identical to that previously reported by us as characteristic 
when blood from cases of human measles was injected into the guinea pig.  Regu- 
larly in the reacting animals 9 to 14 days after injection, the temperature rose with 
a coincident fall of the circulating leucocytes.  10 per cent of the injected animals 
succumbed  with no gross lesions discernible at necropsy, excepting an acute hemor- 
rhagic nephritis.  Animals dying failed to show in their blood stream or in their 
organs by ordinary cultural methods any microorganisms which could be considered 
responsible for death.  Typical enanthemata and exanthemata were not observed 
in any of the guinea pigs of the series; however, in a number a few discrete hemorrha- 
gic areas were noted on  the  buccal  mucous  membranes  before  the  appearance 
Days  t  ~  13  15  t7  t9  21  23  2.5  27  29  31 
I0?  ° 
105 ° ~ 
i04  °  ~ 103  ° 
io2  °  _  '  _  ,  _  .~ 
b, 101 °  '  I  '  ~  I 
100"  .  -  , 
14,ooo 
10,000 
8,000 
TExT-Fro. 1.  Reaction in the rabbit following intratracheal  injection of filtered 
nasopharyngeal material from cases of human measles. 
of the temperature rise, but as these were not grossly  characteristic as compared 
to the Koplik spots seen in man or the  lesions noted in  the  rabbit after experi- 
mental transmission of  the virus of measles, they are not stressed in  the present 
report.  Exanthemata are either evanescent, difficult of recognition, or do not occur 
in the guinea pig, as we failed to note such cutaneous manifestations in any of the 
animals.  Attempts at removing the hair from the abdomen of normal guinea pigs, 
either by shaving, clipping, or cutting with scissors, caused confusing erythemata of 
from 2 to 4 days duration. 
Experiment 4.--2 cc. portions of filtered washings were introduced into the circu- 
lation of several guinea pigs of average weight of 250 gin.  90 per cent of the animals 
thus injected reacted typically after incubation periods varying from 7 to 11 days 
(Table I).  Well marked leucopenia was observed in all the reacting animals of the 
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when injected into rabbits  gave rise after definite incubation periods to typical 
reactions characterized by temperature  changes, exanthemata, and enanthemata. 
Experiment  f--Five guinea pigs and five rabbits that had reacted  characteris- 
tically after the intratracheal  injection of filtered washings and  had  completely 
recovered, were given intracirculatory injections of defibrinated blood secured from 
eases of human measles at the height of eruption.  None of these animals reacted 
in any manner.  This is in keeping with previous observations upon the immunity 
in the guinea pig conferred by the intracirculatory  injection of 'blood from eases of 
human measles. 
TABLE I. 
Reaction  in Rabbits and Guinea  Pigs Following Inoculation  with Nasopkaryngeal 
Material from  Cases of Human Measles. 
! 
Experimental animal,, i~ 
ab  10 
"  10 
Guin,,ea pig.,,  12 
Method of inoculation. 
I 
Intratracheal. 
Intracirculatory. 
Intratracheal. 
Intracirculatory. 
No. of animals reacting. 
10  7  10  7 
8  8  8  8 
31 0  0  0 
 1ol  olo 
Leucopenia. 
Marked, 4. 
Relative, 5. 
Marked, 2. 
Relative, 6. 
Marked, 9. 
~  9. 
DISCUSSION. 
As a result of the experiments above recorded it seems conclusively 
established that the intratracheal  and intracirculato~y introductions 
in guinea pigs and rabbits of filtered nasopharyngeal secretions from 
cases of human  measles  occasion  a  definite  and  constant  reaction. 
This  reaction  is  characterized  by  a  complex of objective and  sub- 
jective signs which very closely resemble the manifestations in man 
of the  acute infectious  disease measles.  In  the  guinea pig the in- 
cubation period following injection  ranges  between 9  and  14  days, 
approximately the same length of time previously noted by us follow- 
ing  the  intracirculatory  introduction  in  this  animal  of defibrinated 
blood  from  cases  of  measles.  Leucopenia  is  always  a  constant 
change,  appearing  about  the  time  of  temperature  rise  or  shortly 
before, and lasting throughout the period of pyrexia.  Enanthemata, 
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man, are fairly constant, appearing at the period of pretemperature 
or early temperature rise.  Histologically, however, these enanthe- 
matous lesions present the identical changes described by Mallory 
and  Medlar  ~ in  human  Koplik  spots.  Exanthemata  were  never 
definitely noted.  We believe that they are difficult to elicit in the 
guinea pig.  We  were often confused by the peculiar erythema ap- 
pearing  in  normal  guinea  pigs  after the removal, by shaving or 
cutting,  of  hair.  This  non-specific  macular  rash  persisted  in  a 
number of instances for from 3 to 4 days, being followed by a  light 
desquamation.  Conjunctival  irritation  is  always  prominent  in 
reacting  animals.  Repeated  aerobic  and  anaerobic  cultures  from 
the  conjuncfival  sacs  of  such  animals  failed  to  reveal  organisms 
deserving any special mention. 
In the rabbit, reaction always manifests itself early, on an average 
in 4 days. the extreme limits noted in our series being 2 and 7 days. 
Conjunctival  injection  and  enanthemata  are  generally  the  early 
evidences  of  the  symptom-complex.  The  buccal  mucosal  lesions 
appear first as  anemic areas  surrounded by an injected areola, and 
generally  develop into  distinct  papules.  As  many  as  eight  such 
papules can be noted in some of the animals.  At the time of enan- 
them appearance or shortly thereafter a  sharp  rise  of temperature 
takes  place, amounting to as much as 4  ° in most cases.  With the 
appearance of pyrexia,  the cutaneous reaction manifests itself.  As 
a  rule,  the exanthem appears  first about the face in the form of a 
diffuse macular eruption.  Soon afterward a similar rash a~pears on 
the neck, between the front quarters,  and on the abdominal wall. 
Typical papules now develop, which are present for from 1 to 3 days. 
With the onset of papules there is usually a fall in temperature, with 
a  gradual return to normal.  Desquamation, usually branny, some= 
times scaly,  appears regularly.  There is always a  relative drop in 
the circulating leucocytes, at the expense of the neutrophilic element, 
without, however, the very sharp  decline noted in  the guinea pig. 
The  regularity with  which it  has  been possible  to  produce this 
symptom-complex in guinea pigs and rabbits following the injection 
of  filtered nasopharyngeal washings  from  cases  of  human measles 
and  the  similarity  of  the  symptom-complex to  the manifestations 
Mallory, F. B., and Medlar, E. M., The skin lesion in measles,  J. Med. Research, 
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of measles both in man and in the guinea pig and rabbit following 
the intracirculatory injection of blood from cases of human measles, 
lead us to agree with the conclusion that there is present in the naso- 
pharyngeal secretion of measles cases as a causal agent of the disease 
a  filter-passing virus. 
We believe that experimental measles, at least in the rabbit and 
guinea pig, is primarily an infection of the blood, and that the mucous 
membrane lesions are secondary.  It seems necessary that the virus 
should enter and propagate in the blood stream before any manifes- 
tations of the infection present themselves.  The coryza, conjuncti- 
vitis, and other early signs are not to be regarded as indications of 
a  primary mucous membrane localization of  the  specific excitant, 
but  are  the  earliest  outward  evidences of  an  already  established 
blood infection.  The course of the experimental infection in these 
animals  varies  but  little  whether  the  infective  material  is  naso- 
pharyngeal secretions or blood, and whether  the  inoculating route is 
intravenous  or  intratracheal.  This  is  not  surprising  when  we 
consider that practically instantaneous absorption  s of intratracheally 
deposited material  takes place,  naturally  with  rapid  entrance into 
the circulation.  If the localization of the specific incitant took place 
in the mucous membranes by the selective action of this incitant, it 
would  seem  plausible  to  expect  an  earlier  manifestation of both 
objective and subjective signs following the direct infection of mucosal 
surfaces than following infection by the intracirculatory route. 
CONCLUSIONS. 
i. There is  present  as a  causal  agent  in the nasopharyngeal secre- 
tions  of  measles cases  a  filter-passing  virus. 
2. The rabbit and the guinea pig react specifically  to the intra- 
tracheal and intracirculatory  injections  of filtered  nasopharyngeal 
secretions  secured from cases of human measles. 
3. Enanthem,  exanthem,  and pyrexial  disturbances  characterize 
this specific  reaction  in  the rabbit;  in the guinea pig  the  reaction 
manifests itself  by pyrexJa, marked leucopenia,  and grave nephritis 
in the fatal  cases. 
s  D'Aunoy,  R., Antibody production  after  intratrachcal  injection  of  antigen, 
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